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Abstract: This paper considers the challenge of decoupling economic growth from 
environmental degradation; in contrast to several large-scale cross-country analyses that 
focus on limited indicators of environmental degradation, we analyze in some depth the 
experience of a single small-scale island state setting (Malta). We use available statistical 
data to derive decoupling factors, in order to consider the extent to which decoupling has 
been achieved in four sectors: (i) energy intensity, climate change, and air quality; (ii) water; 
(iii) waste; and (iv) land. Results indicate relative decoupling between economic growth 
and several indicators considered, and to a lesser extent, relative decoupling between 
population growth and the same indicators of environmental pressure. Absolute decoupling 
has been achieved in at least one instance but there has been no decoupling of land 
development from either economic or population growth. Land use and population thus 
appear to be notable sources of pressure. The results suggest that decoupling analyses that 
present environmental degradation in terms of single variables (e.g., carbon emissions) 
may misrepresent somewhat the state of the environment at local level. Furthermore, the 
study highlights the need for methodologies that factor in the “embedding” of small-scale 
settings within much larger trade networks, for a more accurate estimation of 
environmental impact, and points to some limitations of solely quantitative analyses of 
environment-ecology relationships.  
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1. Introduction 
An important aspect of the environmental management literature considers the strength and nature 
of the relationship between economic development and environmental degradation, more specifically 
whether the former can feasibly be achieved without the latter. Some research has supported the 
existence of an Environmental Kuznets Curve (EKC), according to which environmental degradation 
increases up to a point as economies grow but then declines with further affluence [1–5]; however, a 
substantial body of research has cast doubts on whether countries can truly “grow” their way out of 
environmental problems [6–10]. As a result, the conventional economic growth paradigm is being 
challenged from multiple sources, with critics arguing that not only are we in danger of exceeding 
planetary boundaries [11,12], but that unrestrained growth is also a root cause of unsustainability and 
contributes to political disaffection, social inequality, and loss of quality of life [13,14]. As a result, 
scholars and activists have argued for the need to separate economic and social well-being from the 
use of biophysical resources, through eco-economic decoupling or dematerialization [15–18]. Two 
separate decoupling strands are recognized–resource decoupling and impact decoupling. The former 
refers to reducing the rate of use of (primary) resources per unit of economic activity, while impact 
decoupling requires increasing economic output while decreasing corresponding environmental 
impacts [19]. Haberl et al. [20] identify three distinct decoupling patterns: (i) no decoupling, i.e., 
material throughput increasing faster or as fast as Gross Domestic Product (GDP); (ii) relative decoupling, 
where an increase in resource demand/environmental impact persists, but where the proportion of this 
resource demand/environmental impact per unit of GDP declines; and (iii) absolute decoupling, where 
resource demand/impact decreases even as GDP continues to grow.  
There has been much skepticism concerning the likelihood or feasibility of achieving decoupled 
economies [21]. A cross-national study found that economic development is more tightly linked with 
greenhouse gas emissions than it is with life expectancy [22], while a 2011 global review intended to 
scope the challenges of decoupling concluded that while resource and impact decoupling are taking place, 
these are occurring “at a rate that is insufficient to meet the demands of an equitable and sustainable 
society” ([19], p. 74). One proposed means of separating economic progress from environmental 
degradation focuses on enhancing the efficiency of resource use (or eco-efficiency) (e.g., [23–25]); 
however, the technological developments associated with eco-efficiency have been shown to be 
subject to rebound effects (such as the Jevons and Paperless Office Paradoxes [26,27]), with increased 
efficiency leading to increased consumption and consequently with any environmental benefit being 
neutralized or limited at best [28,29]. Indeed, several studies have concluded that notwithstanding 
more efficient resource use, consumption continues to rise [19,30]. As a result, other structural means 
are being proposed for mitigating environmental impact, such as bolstering the growth of the services 
sector, and reducing working hours [21]; despite their potential, neither of these, however, has yet 
resulted in tangible large-scale reductions in environmental impact [9]. Given this lack of substantial 
progress to date, there has been increasing questioning of the very feasibility of sustained economic 
growth, with a body of arguments building on long-established literature (e.g., [31–33]) making the case 
for steady-state (e.g., [34]), a-growth (i.e., conceptually indifferent about growth) (e.g., [35]), or  
de-growth (e.g., [36,37]) economies, the latter referring broadly to a socially sustainable and equitable 
reduction of a society’s throughput, at least within the affluent context of the developed world. 
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The vast majority of recent research in the field of decoupling has examined macro-scale relationships, 
with a predominance of global reviews, or of cross-country comparisons (especially between developed 
and developing countries) (e.g., [38–41]). Similarly, environmental degradation has been considered 
mostly in terms of issues of global concern, most notably climate change, with the variable used to 
measure environmental degradation commonly being carbon dioxide/other greenhouse gas emissions 
(e.g., [38,42]); a more limited subset of studies has also considered fossil fuel use, extraction and use 
of other natural resources, and/or composite measures (such as ecological or planetary footprints).  
At smaller scales, some national analyses of decoupling have been conducted (e.g., [43,44]). However, 
there does not yet appear to have been much research that focuses specifically on “small” contexts, 
such as that of the individual city or of small island states. A strong case can be made for considering 
the environment-economy relationship in the latter separately from that represented by global or 
national reviews. First, there is a general agreement that small island states represent a distinct reality, 
because restricted space inevitably requires that social, political, and economic units exist at a size 
below those considered normal for modern states and economies [45]. This in turn leads to economic 
patterns of development that may be distinctly different from those that characterize “mainland” 
economies [46], suggesting the possibility of different decoupling pathways. Second, the environmental 
challenges of many small island states are substantial, either in terms of their ability to provide natural 
resources, or to absorb waste and pollution, or to deal with the manifestations of global change  
(e.g., [47–50]). This in turn means that the impacts of environmental degradation are experienced 
differently than they would be within a larger territory. While we recognize that there is a spectrum of 
small island states, from those that are facing significant environmental threats (such as pollution or 
biodiversity loss), to those that have managed to safeguard their natural environments (often through 
designation of protected areas) [45], it is nonetheless fair to say that all such island states have a greater 
degree of vulnerability to environmental impact simply by virtue of their small size, which enhances 
environmental vulnerability and limits development alternatives. Third, the above-mentioned 
particularities of small islands have been shown to often lead to a high degree of innovation and to 
remarkable resilience, both of which are features that can be considered critical for achieving any form 
of sustainable “green economy”. The experiences of small island states can thus provide useful 
insights for alternative growth paradigms, with these possibly also being relevant to the experience of 
cities. A 2011 UNEP study of decoupling specifically noted the important role of the latter, 
highlighting the following as a key challenge for decoupling research: how can cities best become the 
spaces where ingenuity, resources and communities come together to generate practical decoupling in 
the way cities produce and consume? We argue that an analysis of small island states, some of which 
may be considered to be “microcosms” of the city environment, may provide useful pointers for 
answering this question.  
On this basis, this paper examines a small island state economy-environment relationship, using the 
Mediterranean island of Malta as a case study. We do not focus on a single environmental indicator, 
but examine the relationship between changes in the country’s Gross Domestic Product (GDP) and 
population on the one hand, and changes in various environmental indicators, on the other, with a view 
to understanding the spectrum of environmental impacts, to investigate the strength of linkages 
between environment and economy, and to estimate the nature and extent of decoupling that has 
occurred, if any. Section 2 outlines the methods and data sources used, together with related 
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limitations, and provides an overview of the study area. In Section 3, we present and discuss the results 
obtained, with Section 4 outlining the main conclusions of this work.  
2. Experimental 
2.1. Method 
While various methodologies have been developed for measuring decoupling (e.g., [51,52]), this 
study adopted the methodology outlined by the OECD in its report entitled Indicators to measure decoupling 
of environmental pressure from economic growth [53]. This methodology focuses on describing the 
relationship between the first two elements of the Driving Force–Pressure–State–Impact–Response 
(DPSIR) framework, i.e., the level of change in the driving force as compared to the level of change in 
the corresponding environmental pressure. (Malta is not an OECD member and was thus not included 
in the OECD study). The method, while relatively simple, has the key advantage of being easily 
adaptable; it is also not overly onerous in terms of its data requirements. These were key 
considerations for this case study analysis, as the availability of consistent and comparable time-series 
data for several environmental variables was limited. For the same reasons of data unavailability, this 
study does not measure all 31 decoupling indicators identified in the OECD study. It instead provides 
indicative measurements of selected economy-wide indicators from the latter, within the categories of 
climate change, air pollution, waste management, and use of natural resources (water), and with 
adaptation of the methodology for measurement of additional indicators considered to be of more 
direct relevance to the study area context.  
The methodology quantifies the ratio between driving force and environmental pressure, as per  
Equation (1) below.  
ܴܽݐ݅݋ = (ܧܲ/ܦݎܨ)௘௡ௗ ௢௙ ௣௘௥௜௢ௗ(ܧܲ/ܦݎܨ)௦௧௔௥௧ ௢௙ ௣௘௥௜௢ௗ (1)
where EP = environmental pressure and DrF = driving force. 
The decoupling ratio (DR) is in turn used to derive a Decoupling Factor (DF) (Equation (2), which 
has a negative or zero value in the absence of decoupling and a positive value if decoupling has 
occurred. Its theoretical maximum value is 1, which would indicate an EP of zero, in an ideal best-case 
scenario. The DF does not clearly indicate whether decoupling is absolute or relative; however, this 
can be deduced based on the growth rate of the EP - decoupling is absolute when the EP growth rate is 
negative or zero (i.e., declining pressure on the environment); it is positive when the EP growth rate is 
positive but lower than that of the DrF.  
ܦ݁ܿ݋ݑ݌݈݅݊݃	݂ܽܿݐ݋ݎ = 1 − (ܦ݁ܿ݋ݑ݌݈݅݊݃ ݎܽݐ݅݋) (2)
Two DrFs were considered in this analysis—Gross Domestic Product (measured in nominal terms, 
as per the harmonized ESA95 methodology) and total resident population. Relevant data for these 
parameters was obtained from the National Statistics Office (NSO) of Malta. Data for EPs is somewhat 
more disparate and was obtained from a variety of sources, including publications of the same NSO and 
of environmental/resource management agencies in the country; sources are indicated in the relevant 
sections below. The years for which data was available varied depending on the environmental parameter 
in question; for this reason, a separate time series is defined for each indicator in the analysis below. 
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We recognize that various sophisticated methods for measuring decoupling have been developed in 
recent years, including approaches that make use of multivariate panel analysis statistical techniques, 
and variants of the IPAT mathematical identity developed by Ehrlich and Holdren [54], including 
STIRPAT [55] and ImPACT [56]. The limitations of using decoupling factors are likewise recognized, 
including (i) the fact that the absolute level of a variable may be more important than its relation to 
GDP or population; (ii) their limited suitability for measuring renewable resources; (iii) their limited 
capacity to consider international cooperation and exchanges; and (iv) their potential failure to reflect 
complex relationships between DrFs and EPs [57]. DFs are for this reason not suitable as a basis for 
measuring sustainability or for selecting policy tools; however, they remain very valid for the purpose 
of assessing how successful individual countries are at reducing pressures on the environment, and 
indeed may be superior to other techniques for this purpose [57]. For this reason, their use is 
considered reasonable within this study, particularly given additional data limitations. Indeed, it should 
be noted that lack of time-series data allowed only a partial assessment of relevant case study EPs. 
This is a frequently-encountered limitation in such work and was similarly noted in the broader-scale 
OECD review; indeed, of the 31 indicators identified in the latter, only 10 were considered to be 
conceptually sound, largely due to statistical gaps limiting the robustness of the remainder of the  
suite [53]. The results discussed below should therefore be considered as indicative, reflecting several 
important EPs but also omitting other significant ones for which data was unavailable. 
2.2. Study Area 
Malta achieved the status of a small island state upon acquiring independence from the  
United Kingdom in 1964, with a republic declared ten years later. The country has a population of 
421,400 individuals, resulting in substantial density for the islands’ size. Under British rule, Malta 
sustained thriving maritime industries, particularly in its harbor regions, but with the departure of 
British forces from the country, an alternative economic revenue-generator was needed, with tourism, 
and to a lesser degree manufacturing, identified as such; tourism remains a key economic sector to 
date, with tourist arrivals per annum generally exceeding one million. Numerous strategic initiatives 
were implemented through the 1960s, 1970s and 1980s with the aim of establishing the country on a 
firm economic foothold; however, it was not until the early 1990s that a robust legal framework for 
spatial planning and environmental management was established, the former reinforced through a 
Structure Plan of policies to regulate future land-use development in Malta. Malta’s accession to the 
European Union in 2004 served to further strengthen the legal natural resource management structure, 
with various efforts made to bring the situation in Malta in line with that of the European mainland. 
Notwithstanding, economic policies have continued to be pursued largely independently of 
environmental protection ones, with few tangible efforts made to integrate the two, despite (largely 
token) discussions of the need for sustainable development. At present, Malta’s economy is dominated 
by a variety of service and manufacturing industries, with particularly marked growth in financial 
services and gaming sectors over recent years. Primary industries make a very limited contribution to 
the country’s GDP of less than 2%, even if agriculture remains the country’s largest land-user. Based 
on Gross National Income (GNI) per capita, and as per World Bank criteria, the country is considered 
to be high income.  
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3. Results & Discussion 
3.1. Energy Intensity, Climate Change and Air Quality 
Malta obtains the vast majority of its energy from imported fossil fuels [58], with the main sectors 
of consumption being power generation for both domestic and industrial uses, and transport. Electricity has 
been produced primarily using fuel oil, although coal was concurrently in use until 1995 [27]. In recent 
years, increasing emphasis has been placed on switching to a cleaner gas supply, with current plans to 
convert the country’s main oil-fuelled power station to run on gas. Power generation through 
renewables remains limited, with Malta lagging far behind the national target of 10% energy generation 
from renewables by 2020 [59]. The strongest potential for renewable energy generation would appear 
to lie in solar technology, with the Islands benefiting from substantial hours of sunlight [60]. The 
potential for offshore wind energy generation has also been explored but no projects have been 
implemented to date.  
The transportation sector is strongly influenced by very high levels of car ownership (over 318,000 
licensed vehicles within a total land area of 316 km2), amongst the highest in the world; this is at least 
in part attributable to a poor public transport network, notwithstanding largely unsuccessful attempts to 
improve the latter in recent years. Related pollutants include CO, NOx, VOCs, ozone, and particulate 
matter, with arising environmental health concerns, particularly due to a high prevalence of respiratory 
ailments in the country [61]. 
3.1.1. Energy Production per Unit of GDP and per Capita 
As noted above, the ratio between energy and GDP is one of the most widely used indicators for 
measuring the decoupling effect. For this study, we used available NSO data for energy production in 
Malta over the period 2003–2012 [62]. 
Over these years, energy consumption increased overall by 1.48% but with fluctuations on an 
annual basis and consequently with no clear medium- to long-term trend; nominal GDP at market 
prices increased by 49% over the same period (Figure 1a), while the resident population of the Maltese 
Islands increased by 5% (Figure 1b). When considering changes between start and end of the analysis 
period, the DF for energy production per unit of GDP is positive (0.32), suggesting that some degree of 
relative decoupling has occurred between these two variables. However, on a year-by-year basis, the 
DF varies from −0.1 (with negative values in 2009 and 2012) to a maximum positive value of 0.14. 
The DF for energy per capita is also positive, although by a small margin (0.04), and with several 
negative values for inter-annual differences, suggesting somewhat limited relative decoupling. 
3.1.2. Greenhouse Gas (GHG) Emissions per Unit of GDP and per Capita 
GHG emissions originate from various sectors of the economy but most notably from energy 
production and transport. This indicator was included in the original OECD suite and similar measures 
of GHG decoupling have been developed by other authors (e.g., [63,64]). Relevant DFs were compiled 
for Malta using data covering the period 1995–2012, drawn from the country’s 2013 GHG inventory 
for submission under the United Nations Convention on Climate Change [65].  
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Figure 1. (a) Changes in energy production vs. Gross Domestic Product (GDP) changes 
(2003–2012) (top); (b) changes in energy production vs. population changes (2003–2012).  
 
(a) 
 
(b) 
Figure 2a highlights the significant contribution of CO2 emissions to total net emissions, and the 
close way in which these variables mirror GDP increases. Nevertheless, some degree of relative 
decoupling appears to have taken place over the period of analysis, with overall positive DFs for net 
CO2 emissions per unit GDP (0.45) and for total net GHG emissions per unit GDP (0.42); indeed, 
while nominal GDP more than doubled over the period of analysis, total emissions increased by 28%. 
This is not the case for emissions per capita (Figure 2b), with CO2, CH4, and total emissions all having 
negative overall DF values (−0.1, −0.5, and −0.16, respectively). In this case, the increase in total 
emissions surpasses the growth rate of the population (10%) over the period in question. The results 
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obtained here are broadly similar to those obtained in the OECD study, which likewise recorded a 
general trend of relative decoupling of GHG emissions from economic growth across OECD countries, 
but a much less pronounced degree of decoupling per capita [53].  
Figure 2. (a) Changes in CO2 and total net emissions vs. GDP (1995–2011) (top);  
(b) changes in CO2 and total net emissions vs. population changes (1995–2011); the data 
takes into account emissions and removals by Land Use, Land-Use Change and Forestry 
(LULUCF) sectors.  
 
(a) 
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3.1.3. NOx Emissions per Unit of GDP and per Capita 
While NOx and SO2 contribute indirectly to GHG emissions, these are also of concern as air 
pollutants originating largely from road transport in the former case, and from stationary combustion 
facilities and from the use of high sulphur content-oil in diesel engines in the latter case. Both pollutants 
are considered to contribute to respiratory distress and to diminished urban air quality. Although these 
pollutants could thus be considered under the broader category of GHGs, they are considered to be of 
particular significance as air pollutants within the Maltese context, and are therefore considered 
separately here. The OECD study also included total NOx and SOx as separate air quality indicators. 
Relevant data was obtained from the same Greenhouse Gas Inventory cited above [65], over the period 
of analysis 1995–2011.  
Overall, DFs over this time span were positive for emissions per unit GDP (0.54 for NOx and 0.87 
for SO2) and to a lesser degree, for emissions per capita (0.09 for NOx and 0.74 for SO2), suggesting that 
decoupling has occurred. NOx emissions increased marginally over the 11-year period (by 0.23%) 
while SO2 emissions decreased by over 71% (Figure 3). In the meantime, positive growth was recorded 
for both GDP and population. This would appear to indicate absolute decoupling from economic growth 
occurring in the case of SO2 and strong relative decoupling in the case of NOx. The OECD study [26] 
recorded absolute decoupling of NOx emissions in Europe and relative decoupling in Pacific and North 
American regions, attributing progress achieved to the use of better emission control technology in 
combustion plants and to the use of catalytic converters in vehicles. While both of these mitigation 
measures are relevant to Malta, progress in the country over the period of analysis appears to have been 
slower by comparison. However, the DF for SO2 emissions is indicative of stronger performance; absolute 
decoupling of SOx emissions from economic growth was likewise recorded in all OECD regions [53].  
3.2. Water 
Water is a significant concern in the Maltese Islands, with the country classified as one of the top 
ten water scarce countries worldwide [66,67]. The country has no exploitable surface waters and is 
limited to groundwater resources and to water produced via desalination technology (reverse osmosis); 
the latter, however, has significant energy requirements, consuming 3.7% of electricity produced in 
Malta [68]. Of all countries in the Mediterranean Basin, Malta has the highest Water Competitive 
Index (indicative of the ratio between number of inhabitants and volume of freshwater, and thus of the 
degree of competition for water resources), as well as being highly dependent on virtual water through 
imported goods [69].  
The two indicators considered below use the described methodology but thus focus on water 
production and abstraction in Malta, rather than on the water quality-related EPs highlighted in the 
OECD report (the latter being (i) population not connected to sewage treatment plants and (ii) N and P 
discharges from households). Water quality issues were not addressed for reasons of inadequate data, 
even if these are highly pertinent. Nitrate pollution, for example, is known to be a significant issue in 
Malta, likely related to a high gross nitrogen balance resulting from extensive use of chemical inputs in 
agriculture. However, available data is so far limited to single studies and an assessment of change is 
therefore not possible.  
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Figure 3. (a) Changes in NOx and SO2 emissions vs. GDP changes (1995–2011) (top);  
(b) changes in NOx and SO2 emissions vs. population changes (1995–2011). 
 
(a) 
(b) 
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indicating absolute decoupling (Figure 4). DF values were positive in all years (with the exception of 
the 1995–1996 interval) and the relevant overall DF per unit of GDP is 0.71. The corresponding DF 
per capita is also positive, although lower (0.41). The successful decoupling of groundwater abstraction 
from GDP may be related to the growth of economic sectors that are not water-dependent (e.g., the 
gaming sector discussed above). However, it should be noted that widespread illegal groundwater 
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abstraction is also widely assumed to take place, with this not reflected in the official data used; 
however, since the majority of this abstraction is assumed to be for agricultural purposes, and since 
this sector contributes only marginally to GDP, the inclusion of this data is not expected to alter the 
overall trend showing decoupling from economic growth. It should also be noted that decoupling per 
capita does not account for the substantial tourist populations which frequent the Islands on an annual 
basis, and whose water consumption patterns could be assumed to be different.  
Figure 4. (a) Changes in groundwater production vs. GDP changes (1995–2012) (top);  
(b) changes in groundwater production vs. population changes (1995–2012). 
 
(a) 
(b) 
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decreased by a significant 44%, notwithstanding growth in both GDP and population (Figure 5). The 
relevant decoupling factors per GDP and per capita are 0.75 and 0.5, respectively, marginally larger 
than the corresponding DFs for groundwater abstraction. These high DFs are at least in part due to 
large-scale infrastructural works to reduce leakage losses from the underground water distribution 
network, with these possibly distorting the extent to which these values truly reflect dematerialization, 
or the “detachment” of economic growth from intensity of water use. Indeed, notwithstanding these 
high values, negative DFs (i.e., increasing EP) were recorded between 2010–2012, with water 
production increasing (by 10%) over this time-frame. For accurate assessment of decoupling in this 
case, one would therefore need to consider the time period following the upgrading of infrastructure, to 
remove the distortion introduced by this aspect.  
Figure 5. (a) Changes in production of desalinated water vs. GDP changes (1995–2012) 
(top); (b) changes in production of desalinated water vs. population changes (1995–2012). 
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3.3. Waste 
When Malta acceded to the EU in 2004, waste was an environmental sector characterized by  
under-performance; as a result, specific (more lenient) targets were negotiated for the country [71]. 
Key waste management issues at the time included strong reliance on landfilling as a disposal method, 
inadequate sewage treatment, and a fragmented legislative framework. Since then, the country has 
made significant efforts to adopt a more holistic waste management approach, with the most recent 
Waste Management Plan adopted in 2014. Key targets include reducing the amount of waste going to 
landfill, increased recycling, and more extensive recovery of construction and demolition waste [72].  
Waste-related indicators listed in the OECD report were (i) municipal waste going to final disposal 
versus private final consumption (PFC); and (ii) amount of glass not collected for consumption versus 
PFC. For purposes of this study and based on available data, we considered (i) the total amount of 
waste managed per unit of GDP and per capita; (ii) the proportion of total waste managed comprised 
of MSW; and (iii) the proportion of total waste managed comprised of inert waste. The latter is a 
significant waste stream within the country, largely due to a large construction industry. Given that 
Malta now treats all sewage prior to discharge at sea, liquid waste indicators were not included as a 
distinct category. Relevant data was obtained from NSO statistics [73].  
3.3.1. Total Waste Managed per Unit of GDP and per Capita 
The amount of total waste managed decreased by 24% over the period of analysis (2005–2012), 
indicating decoupling of waste generation from increasing GDP and population (Figure 6). The DF for 
waste managed per unit of GDP has an overall value of 0.46, with a corresponding value per capita of 
0.27. While the overall downward trend in waste generation would seem to indicate that absolute decoupling 
may be taking place, annual data indicates differently; although a sharp decrease in waste management 
occurred in 2009, increases were registered in 2010 and 2012, suggesting the necessity of caution when 
interpreting data, until decreasing trends can be shown to be sustained over an extended time period. 
Figure 6. (a) Changes in the amount of waste treated/managed vs. GDP changes (2005–2012) 
(top); (b) changes in production of desalinated water vs. population changes (2005–2012). 
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Figure 6. Cont. 
(b) 
3.3.2. Total Municipal Waste/Inert Waste per Unit of GDP and per Capita 
The generation of municipal waste decreased by 2% between 2005 and 2012, although various  
inter-annual increases were recorded. The DF for municipal waste per unit of GDP is positive (0.3), 
indicative of decoupling, although it would probably be premature to describe this decoupling as 
absolute, given the absence of a clear long-term trend. Only a weak degree of decoupling seems to 
have occurred on a per capita basis (DF of 0.06), suggesting that the production of municipal waste 
from households remains significant. Stronger declines were registered in the generation of inert 
waste, with an overall decrease of 32% over the same period of analysis. While both inert waste per 
unit GDP and inert waste per capita were characterized by inter-annual variations, with negative DF 
values in several years, overall DF values were positive in both cases (0.52 and 0.35, respectively). 
The results appear to indicate relative decoupling of both municipal and inert waste generation from 
GDP and population, respectively. While the OECD indicator of waste going to final disposal is not 
fully comparable and itself has issues of robustness, there is some similarity between the EPs it seeks 
to represent and the EPs resulting from municipal waste generation in this study. The OECD survey 
recorded relative decoupling for the most part, with absolute decoupling in several European countries. 
Malta has undoubtedly made progress in reducing municipal waste generation, but is still some way 
behind achieving the absolute decoupling already recorded in these European mainland countries.  
3.4. Land 
Land is a major limiting factor in a small island state; Malta, with a land area of only 316 km2, faces 
extreme competition for land and consequently a major environmental challenge in successfully 
retaining expanses of natural or semi-natural land for important ecosystem functions. Indeed, 
environmental discourses in the country in recent decades have been dominated by widespread 
criticism of what is often perceived to be unbridled urbanization [74]. While the OECD suite of 
indicators did not consider land as a resource in its own right, focusing instead on the resources that 
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land provides, in a small island context land is a significant concern. While long-term land use 
statistics for Malta are limited, we here consider the land area affected by development as a 
“surrogate” indicator for threat to habitat and ecosystem integrity, given the lack of long-term data 
about the state of health of species and ecosystems. The indicator can also provide an indication of 
pressure on the land resource in general, not only in terms of the natural resources it contains, but also 
in terms of spread of urbanization.  
Land Area Affected by Development per Unit of GDP and per Capita 
There is limited long-term data documenting changes in land-use in Malta; it is unfortunate that 
given Malta’s small size, broad-scale land-cover assessment methodologies (e.g., the CORINE 
methodology) widely in use across larger territories are limited in their ability to generate useful 
country-specific information. In this study, we were therefore constrained by lack of data, but 
nevertheless made use of available statistics from the Malta Environment and Planning Authority for 
2000 and 2005 [75]; we also compiled a comparable estimate of land affected by development for the 
year 2006, based on data compiled through a Europe-wide project [76].  
Land affected by development increased by 18% over these years, with the DF per unit of GDP 
close to zero (0.003). Given that the GDP growth rate is higher (26%), some relative decoupling can be 
assumed to have taken place, although this is evidently limited. The DF per capita, on the other hand, 
is negative (−0.05), indicating that no decoupling of land development from population growth has 
occurred; indeed, population increased by only 4% over the analysis time period, 14 percentage points 
less than the corresponding rate of increase in land affected by development.  
4. Conclusions 
The results above indicate significant progress in decoupling on some fronts, lesser progress on 
others, and no progress at all in one instance (Figure 7). The results obtained are indicative of a 
country that has made progress towards remedying environmental degradation, but that the pace of 
progress has varied across EPs. The unfortunate lack of long-term data does not permit a 
comprehensive long-term analysis of change in the country; however, this indicative review does 
suggest that caution should be exercised when referring to data summarizing change over an extended 
time period. In several instances, EPs were found to have decreased overall, but a closer look at inter-
annual changes then revealed that this was not a result of a consistent trend; for example, a net positive 
DF could be derived from individuals “bursts” of progress occurring at intervals, but with increases in 
EPs registered during other (including more recent) years. It is also possible that significant progress 
over short intervals may not be indicative of sustainable decoupling but may rather reflect the 
immediate benefits of investments into improved infrastructure and governance (as for example, in the 
case of efforts to reduce leakage losses through the water distribution network). As noted earlier, Malta 
has a relatively young history of environmental management and planning, and as a result, its 
institutional and governance capacities are still evolving–for this reason, a longer period of analysis 
may be needed before such data can be considered to fully reflect the country’s strategic development 
paths. It should also be noted that the analysis of decoupling is reflective of relative rather than 
absolute change; the absolute decoupling recorded for SO2 emissions, for example, does not take into 
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account the fact that, notwithstanding positive progress, Malta is still some way from achieving its  
GP 2020 targets for this pollutant [77]. It is also of note that in all instances, decoupling of EPs  
from economic growth was more significant than decoupling from population growth, perhaps 
pointing to the significance of population pressures within small land areas, be these small island 
states, cities, or other densely populated environments. The absence of any decoupling of land 
development from population growth likewise suggests that some characteristic small island state 
pressures are highly significant.  
Figure 7. Summary of decoupling factors for the indicators considered. A DF between 0 and 1 
indicates that decoupling is occurring; a DF between 0 and −1 is indicative of  
no decoupling.  
 
What additional insights can be derived from this case study? First, it raises a note of caution with 
regard to the way in which decoupling analyses may claim to analyze environmental degradation.  
As noted above, several analyses of environment-economy decoupling are based on a single indicator 
(as noted above, often related to carbon emissions or energy use); while these analyses are perfectly 
valid, it is important to bear in mind that there are many more facets to environmental degradation 
beyond climate change. At the relatively small-scale level of an island state or city, some of these 
environmental facets may indeed be more immediately and critically relevant to economic and social 
well-being, and a positive “report card” for a single indicator, such as carbon emissions, may disguise 
significant environmental degradation in other spheresthe water situation in the island state of Malta 
is a case in point. If decoupling is indeed to be considered a measure of sustainability, then it needs to 
factor in environmental degradation at more than just the global scale, and needs to be able to account 
for a variety of indicators of environmental “pressure” and “state” at local level, including aspects of 
environmental pressure that may be challenging in terms of measurement (for example, relating to 
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pressures on ecosystem services). Second, the case study points to the importance of developing 
methodologies that are able to account for environmental degradation “hidden” in imports and exports; 
Malta, like several other island contexts, is heavily dependent on imports of resources (both actual and 
virtual), and the results presented here are therefore limited in the extent to which they fully reflect the 
environmental impact of a country and its people. The point is also valid for city contexts, which are 
likewise embedded within a flow of goods and services, and is arguably valid for most economies, 
even larger ones. While greenhouse gas emissions accounting allows for distinctions to be drawn 
between production-based and consumption-based emissions, measures of decoupling are otherwise 
still rather limited in their ability to account for the geographical displacement of environmental 
impacts, again rendering decoupling results somewhat misrepresentative. In this regard, a good model 
is provided by various sector-specific methodologies that focus on the entire life-cycle of a resource, 
such as water footprint accounting. A third conclusion that can be drawn relates to the particularities of 
the development trajectories of different countries or regions; this analysis of a single small-island 
state shows how data features can often be explained by extraneous factors that are not generally 
analyzed within decoupling studies, even ones using advanced numerical multivariate techniques 
which, by their very nature, require a generic approach. Results discussed above highlight the danger 
of misinterpreting data which may be “distorted” by factors such as one-off capital investment projects 
(for example, in the case of efforts to improve water infrastructure), political developments (for 
example, accession to the European Union), data classification systems (for example, in the case of 
land use data), or simply the absence of data to allow analysis of an issue of environmental concern 
(for example, nitrate pollution). This would suggest that, at smaller scales, qualitative analysis may 
also have a role to play in a fair and accurate assessment of the environment-economy relationship. 
This has already been alluded to in some of the literature; for example, Jorgenson and Burns outline 
the importance of conducted more nuanced empirical assessments of the environmental commitments 
of nation states and the extent to which such commitments tangibly reduce different forms of 
environmental degradation [9].  
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